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ABSTRACT 
 
The use of sandwich panels in Australia has increased significantly in recent years due to 
their widespread structural applications in building systems. Structural sandwich panels 
generally used in Australia comprise of polystyrene foam core and thinner and high strength 
steel faces. The fully profiled sandwich panels, when subjected to axial compression and/or 
bending effects, are susceptible to local buckling failures. A research project was undertaken 
using a detailed experimental study on 50 foam-supported steel plate elements to investigate 
the local buckling and postbuckling behaviour of sandwich panels and to examine the 
adequacy of currently used effective width approach for design. Experimental results have 
revealed that current method is adequate for the steel plate elements with low b/t ratios. 
However, it appears to be inadequate for the plate elements with higher b/t ratios (slender 
plates). This paper presents the details of the experimental studies on polystyrene foam 
supported steel plates, the results, and the evaluation of current design rules for profiled 
sandwich panels subject to local buckling effects.  
 
1 
- PhD Research Scholar    
 
2 
- Professor  
School of Civil Engineering, Queensland University of Technology,  
Brisbane, QLD 4000 Australia 
 
 2 
1. INTRODUCTION  
 
Sandwich panels are composite structural elements, consisting of two thin, stiff, strong faces 
separated by a relatively thick layer of low-density and stiff material. The faces are 
commonly made of steel, aluminium, hardboard or gypsum and the core material may be 
polyurethane, polyisocyanurate, expanded polystyrene, extruded polystyrene, phenolic resin, 
or mineral wool. In Australia, sandwich panels are commonly made of expanded polystyrene 
foam cores and thinner (0.42 mm) and high strength (minimum yield stress of 550 MPa and 
reduced ductility) steel faces which are bonded together using separate adhesives. Sandwich 
construction has been widely used in aircraft and many structural applications for a long time. 
In recent years, sandwich panels are increasingly used in building structures particularly as 
roof and wall cladding systems. They are also being used as internal walls and ceilings. 
Because of their good thermal properties, they have been used in cold-storage buildings. The 
structural analysis of sandwich panels with thin flat faces has been investigated as early as 
1940’s, particularly for aeronautical applications (Allen, 1969). However, research and 
development of sandwich panels with profiled faces began only in late 1960s (Chong and 
Hartsock, 1993). Due to the increasing interest in the use of structural sandwich panels, a 
good deal of research has continued in recent years (Davies, 1993). 
 
In the building industry, the steel faces of sandwich panels are generally used in three forms: 
flat, lightly profiled, and profiled, as shown in Figure 1. The faces of sandwich panels serve 
various purposes. They provide architectural appearance, structural stiffness, and protect the 
relatively vulnerable core material against damage or weathering. Tensile and compressive 
forces are supported almost entirely by faces. Flat and lightly profiled faces can carry only 
axial forces as their bending stiffness is negligible whereas profiled faces can carry both axial 
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forces and bending moments. Similarly, the core of sandwich panels has many functions. 
Essentially, it keeps the faces apart and stabilizes them against local failures, and provides 
shear connection between faces. Hence, sandwich panels represent an excellent example of 
the optimum use of dissimilar materials. 
 
The static behaviour and strength of sandwich panels is based on the composite action of the 
three structural layers, namely the two faces and the core (Davies, 2001). A large number of 
researches has been undertaken in sandwich construction to investigate their buckling 
behaviour and develop rational design procedures. As a result of extensive research in the 
past few decades especially in Europe, a design document called “European 
Recommendations for Sandwich Panels Part 1: Design (CIB 2000)” has been developed for 
the design of sandwich panels with metal faces and various types of foam core. This has 
enabled the designers and builders to use sandwich panels safely in many structural systems. 
However, as Australian sandwich panels comprise of polystyrene foam core and very thin 
and high strength steel faces, there is a need to verify the applicability of European 
recommendations to Australian panels in order to develop the confidence among Australian 
manufacturers and designers.  
 
Under the action of different loadings such as gravity, wind, snow, temperature gradient, and 
others, the profiled faces of sandwich panels are susceptible to elastic local buckling (Figure 
2) due to axial compression and/or bending actions. Since the plate elements are supported by 
polystyrene foam, their local buckling strength is significantly greater than that of the flat 
plate elements. However, local buckling of the panel may occur at a stress level lower than 
the yield stress of the steel face, but with considerable postbuckling strength for panels with 
low b/t ratios, less than about 200 (Winter region). For design purposes, such local buckling 
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and postbuckling problems are treated by utilizing the concept of effective width principles. 
Past research (Davies and Hakmi, 1990, 1992) has investigated the local buckling behaviour 
and developed modified effective width rules for the plate elements in sandwich panels. 
These rules can be applied successfully for plate elements with low width to thickness ratios 
(b/t) (Figure 3), but their applicability to slender plates is questionable. In sandwich panel 
construction, the b/t ratio can be as large as 600 (Mahendran and Jeevaharan, 1999). To 
investigate the applicability of current design rules for slender plates with such large b/t 
ratios, a detailed investigation into the local buckling behaviour of profiled sandwich panels 
was conducted using extensive series of laboratory experiments on 50 foam supported steel 
plates. This paper presents the background theory of local buckling, details of experimental 
studies, local buckling results and their comparison with current design formulae. 
 
 
2. LOCAL BUCKLING THEORY AND CURRENT DESIGN METHOD 
 
Thin steel faces supported by a thick foam core can be considered as a plate on elastic 
foundation as shown in Figure 4. A simply supported rectangular plate is subjected to an 
applied stress p along the two transverse edges.  The longitudinal edges of the plate are 
assumed to be simply supported. The length of the plate in x-direction is large compared with 
the width. The critical buckling stress σcr of this plate is given by (Davies and Hakmi, 1990): 
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The critical buckling stress itself does not provide any satisfactory basis for design, but it can 
be used as a useful design parameter. It is well known that in cold-formed steel design, local 
buckling becomes a major design criterion for the compression members. Although local 
buckling occurs at a stress level lower than the yield stress of steel, it does not necessarily 
represent the collapse of the members. In the case of plate element with considerably low b/t 
ratios, failure strength is governed by post-buckling strength which is obviously higher than 
local buckling strength. For the cold-formed steel members without any foam support, such 
local buckling problems are treated for design purposes by utilising the concept of effective 
width. A widely used effective width formula in many national and international standards 
including the European recommendations is the “Winter” formula. In this method, the width 
b of the compressed element is replaced by a reduced effective width, beff, when calculating 
the section properties for use in the design calculations. The design formula takes the form: 
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where beff  = effective width, fy = yield stress of steel, Ef  = Young’s modulus of steel, t = 
thickness of the steel plate, K = buckling coefficient (= 4.0 for simply supported plate without 
foam core).  
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This effective width approach can be extended to the profiled faces of sandwich panels by 
modifying the buckling coefficient K to take into account of the foam core support. As seen 
from Equations 3 and 4, the influence of the composite action between faces and core is 
modelled by the dimensionless stiffness parameter R. The critical buckling stress σcr can be 
found by minimising the buckling coefficient K with respect to the wavelength parameter φ. 
Hence the condition 0/ =∂∂ φK  from Equation 2 gives (Davies and Hakmi, 1990): 
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The value of φ, which is a ratio of half-wave buckle length a to the width of plate element b, 
can be determined from Equation 6 using a suitable numerical method. Using φ into Equation 
2, theoretical K values can be evaluated. As this process is complicated, a number of explicit 
mathematical formulae have been proposed to determine K for sandwich panels with profiled 
faces using theoretical K values. They are given below: 
 
1. By Hassinen (1991) based on the half-space assumption 
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For design purposes by replacing R with 0.6R 
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4. By Mahendran and Jeevaharan (1999) to include R from 0 to 600 
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In the current European Recommendations for Sandwich Panels, Part I: Design (CIB, 2000), 
the following formula is recommended for the prediction of K. This expression is applicable 
for 2000 ≤≤ R  and 250/ ≤tb , and is based on an empirical reduction factor of R6.0 . 
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3. EXPERIMENTAL INVESTIGATION 
 
3.1 Test Specimens 
 
In order to investigate experimentally the local buckling behaviour of sandwich panels, a 
series of laboratory tests was conducted on plate elements supported by polystyrene foam as 
used in the profiled sandwich panels. The experiments were essentially compression tests of 
flat steel plate elements with varying b/t ratios. To cover a large range of b/t ratios (between 
50 to 500), both the thickness and width of the plates were varied. Also to observe the effects 
of different grades of steel, the experiments were conducted for two grades, one mild steel 
with a minimum yield stress of 250 MPa and the other high strength steel with a minimum 
yield stress of 550 MPa. For each grade of steel, different nominal thicknesses were chosen. 
The widths (b) of the plates chosen were 50, 80, 100, 120, 150, 180, and 200 mm. The 
lengths of the plates were chosen as three times the width (b) plus 10 mm for clamping. As 
the foam thickness has negligible effect on the buckling strengths (Mahendran and 
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Jeevaharan, 1999; Mahendran and McAndrew, 2000), a constant thickness of 100 mm was 
used in all the tests. The steel plates were glued to the foam core by using a suitable adhesive. 
The specimens were tested only after 48 hours of attachment to ensure the adhesive was set 
and steel faces and foam core were joined properly. The initial imperfections of specimens 
relating to the flatness of steel plates were found to be minimal as was the case in most of the 
fully profiled sandwich panels.  Details of the test program and specimens are given in Table 
1. 
 
3.2 Test Set-Up and Procedure 
 
A specially constructed test rig was used to hold the test specimen in the compression test. 
The test rig consisted of a base plate and two vertical supports. Two vertical clamps used to 
hold the steel plates were attached to vertical supports. The vertical supports were adjustable 
in both horizontal and vertical directions to accommodate the required plate width and length, 
respectively. Plate lengths up to 600 mm can be held between these vertical support edges. 
The boundary conditions along the longitudinal edges of the plate were designed to simulate 
the real conditions present on the plates of the profiled faces supported by adjoining plates. 
The vertical clamps allowed the vertical displacement and free rotation about the edges, 
hence well representing the simply supported condition of longitudinal edges. The test 
specimens were placed in the test rig between two loading blocks. A schematic diagram of 
the test rig is given in Figure 5.  
 
The compression tests of the steel plate elements were carried out using a Tinius Olsen 
Testing Machine. Two linear variable displacement transducers (LVDTs) were used to 
measure out-of plane deflections. The axial displacement was recorded by the Tinius Olsen 
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Testing Machine. A compression load was applied via the top loading block at a constant rate 
of 0.5 mm/min until the failure of the specimen. It is to be noted that the compression load 
was applied to the steel plate element only and not to the foam core. The ultimate load of 
each test specimen was recorded. This was the maximum load carried by the specimen as 
recorded by the testing machine. All the measured values of axial shortening, out-of-plane 
deflection and ultimate load were continuously recorded by a calibrated Labteck computer 
data acquisition system. The arrangement of test set-up is shown in Figure 6.  
 
The test set-up used in this investigation is similar to that used by Davies et al. (1991) at the 
technical research centre of Finland (VTT) for the investigation of the ultimate strength of 
compressed steel plates with and without core support. Researchers consider this test set-up 
using a simply supported plate element as a simplified model to study the local buckling 
problem of the faces of sandwich panels (Hassinen, 2003). A similar compression test set-up 
was also used by Kech (1991) in his investigation to verify the improved equation developed 
for lightly profiled faces subject to local buckling and wrinkling effects.  
 
3.3 Results and Discussion 
 
A total of 50 (25 for G550 and 25 for G250) compression tests on foam supported steel plate 
elements were conducted in this local buckling investigation. It was observed during the tests 
that all the test specimens failed in a similar manner with the continuous application of 
compression load. They first buckled locally as shown in Figure 7 (a), then developed 
postbuckling strength, reached the ultimate load and collapsed through the formation of a 
local plastic mechanism as shown in Figure 7 (b). It can clearly be observed from Figure 7 (a) 
that many half wave buckles were formed during the testing thus increasing the buckling 
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load. In the similar test conducted by Mahendran and Jeevaharan (1999) on steel plates 
(length = 3b) without foam core, it was reported that  approximately three half wave buckles 
were developed confirming that the half wave buckle length is approximately equal to the 
plate width. The present investigation on foam supported steel plate elements confirmed that 
the foam reduced the half wave buckle length (a < b) and produced many half wave buckles 
within the test specimen. This helped to increase the buckling strength considerably.  
 
As discussed earlier, sandwich panels subjected to local buckling effects are designed using 
the concept of effective width (see Equation 5). This effective width approach is extended to 
the profiled faces of sandwich panels by modifying the buckling coefficient K to take into 
account of the foam core support. In cold-formed steel design, K depends only on the edge 
boundary conditions. However, for sandwich panels, K depends not only on the edge 
boundary conditions, but also on the properties of foam core and width to thickness (b/t) ratio 
of the steel plate element. From this explanation, it is obvious that the value of buckling 
coefficient K will increase due to the plate stiffened by foam core material. For a comparison 
study, the K values evaluated from Equations 9, 11 and 12 proposed by Davies and Hakmi 
(1990), Mahendran and Jeevaharan (1999), and CIB (2000), respectively, along with 
theoretical predictions (Equations 2 and 6) are given in Table 2 for G550 steel plates and in 
Table 3 for G250 steel plates. The non-dimensional parameter R was calculated by using the 
simplified foundation model given in Equation 4.  Davies and Hakmi (1990) indicated that 
Equation 9 is accurate for a range of R values from 0 to 200. However, Mahendran and 
Jeevaharan (1999) showed that this can be extended to higher values of R up to 600. Hence 
they proposed Equation 11, which is applicable for R values from 0 to 600.  
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In calculating the non-dimensional parameter, R, and the buckling coefficient, K, the 
experimentally measured values of Young’s modulus Ec and shear modulus Gc of polystyrene 
foam core and Young’s modulus Ef of steel faces were used. These experimental values for 
foam core are Ec = 3.8 MPa, Gc = 1.76 MPa, and c =0.08.  Experimental values of Young’s 
modulus and yield stress for both G550 and G250 grades of steel with different thicknesses 
are given in Table 1. The Poisson’s ratio f of steel was taken as 0.3. 
  
The enhanced buckling coefficient K values obtained from different design formulae were 
utilised to determine the slenderness parameter  in Equation 5. In this manner, the effect of 
the foam was included in the  expression of Equation 5. Following this, the effective widths 
of foam supported steel plate elements were determined using Equation 5 as for steel plate 
elements without any foam core support.  
 
On the other hand, the ultimate stress results obtained from the experiments on foam 
supported steel plates as given in Tables 4 and 5 can be converted to ratios of effective widths 
beff to plate width b. The latter ratio was taken as the ultimate stress divided by yield stress fy. 
Effective width beff evaluated from Equation 5 using K values determined from various 
buckling formulae together with experimentally determined effective widths are given in 
Table 4 for G550 steel plates and Table 5 for G250 steel plates. These results show that this 
study covered a wide range of width to thickness (b/t) ratios of steel plate elements to 
represent every possible situation of sandwich panel construction. This helped to include 
slenderness parameter  starting from a reasonably smaller value to the largest practical 
value. Effective widths evaluated from different design formulae together with the 
experimental results as given in Tables 4 and 5 are plotted against the b/t ratios in Figures 8 
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and 9 for G550 steel plates and G250 steel plates, respectively. It is to be noted that foam 
properties (Ec and Gc) were the same for all the tests used in Figures 8 and 9. 
 
As seen from Tables 4 and 5 and Figures 8 and 9, the effective widths (beff) obtained from 
experimental results and those evaluated from Equation 5 using K values predicted by theory 
and different buckling formulae vary considerably with the b/t ratios. It can be observed that, 
for low b/t ratios, the effective width values evaluated from various design equations agreed 
reasonably well with the experimental results. The effective width approach predicted 
realistic values of effective widths in comparison with the experimental values when b/t ratio 
was less than 100. However, for higher b/t ratios, all the formulae predicted very high 
effective width values compared with the experimental results, i.e. unconservative. So for 
slender plates, none of the current formulae could estimate reasonable values of effective 
width beff. This outcome is similar to that of Davies and Hakmi (1990) who used a series of 
bending tests on foam-filled C-section beams. Figure 10 shows the comparison of their test 
results for effective width with predictions based on design rules given in CIB (2000). As 
seen in Figure 10, the effective width predictions from the current design formula were 
higher than those from tests for b/t ratios greater than 150. This clearly demonstrates that 
current design rule is adequate for plates with low b/t ratios, but is inadequate for slender 
plates. In Davies and Hakmi’s tests, the foam properties (Ec and Gc) were varied for each b/t 
ratio and hence the predictions from Equations 5 and 12 are not shown as a continuous curve 
as in Figures 8 and 9.  
 
As the compression test used in this investigation is a simplified model to study the local 
buckling behaviour of foam supported plates, it has some drawbacks when compared with the 
bending test.  Simply supported end conditions were used along the longitudinal edges of the 
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foam supported plates in the compression tests. However, the plate elements of profiled faces 
of sandwich panels receive some rotational restraint from the adjoining plate elements. This 
will increase the effective width of the plate element thus increasing the ultimate strength of 
the sandwich panels. Therefore, the results obtained from the simplified compression tests are 
likely to be slightly conservative. This shortcoming may be eliminated by conducting 
bending tests like those undertaken by Davies and Hakmi (1990). However, the trends of the 
results of the bending tests of Davies and Hakmi (1990) and the present compression tests are 
very similar. For example, for a steel plate with fy = 281 MPa and b/t ratio 260 in Davies and 
Hakmi’s test, the ratio of effective width to actual width (beff/b) was about 0.32 from 
experiments and 0.42 from Equations 5 and 12 (see Figure 10). In the present compression 
test, beff/b from experiments and Equations 5 and 12 were 0.30 and 0.40, respectively, for a 
steel plate with fy = 368 MPa and b/t ratio 256 (Figure 9). Both test methods gave similar 
results with the present compression tests being slightly more conservative.  
 
It is worth noting here that Equation 12 included in CIB (2000) to evaluate the buckling 
coefficient K was a simple modification of Equation 9 proposed by Davies and Hakmi 
(1990). To account for the non-linear behaviour of foam properties and other material 
uncertainties, Davies and Hakmi (1990) recommended the use of an empirical reduction 
factor of 0.6 for R (0.6R) to obtain the modified Equation 10 or 12. However, experimental 
results reported in this paper reveal that this equation is also unable to predict the effective 
widths accurately for slender plates.  
 
This detailed experimental investigation showed and confirmed that the current design 
formulae based on effective width principles are inadequate for the profiled sandwich panels 
with slender plates. However, it must be noted that the original effective width formulae 
 14 
(Equation 5) for the plate elements were developed by Winter (1947) based on many tests 
and extensive studies of postbuckling strength on cold-formed steel plates and sections. 
These steel plates buckled locally and developed considerable postbuckling strength before 
collapsing at their ultimate loads. This implies that this method can be applied for sandwich 
panels that have plate elements with low b/t ratios as they exhibit considerable postbuckling 
strength. With the increasing b/t ratio of the steel plates supported by foam core, there is 
either very little or no postbuckling strength. Therefore the extension of the conventional 
effective width method to sandwich panels with slender plates may not represent the true 
ultimate strength behaviour. For the plates with very high b/t ratios, the strength will be 
governed by wrinkling failure and can be evaluated using the well established wrinkling 
formula (CIB, 2000).  The main problem is the intermediate range of b/t ratios between the 
Winter and wrinkling regions. In this case there is no wrinkling failure, instead local buckling 
occurs, but with little or no postbuckling strength. Many fully profiled sandwich panels fall in 
this region. Therefore the current effective width design formula in its current form can not 
predict the true strength of the slender plates in this intermediate region (Davies and Hakmi, 
1992). However, it is considered that a further modification to the effective width design 
formula will enable accurate strength predictions for these sandwich panels. Preliminary 
finite element analyses have confirmed the above observations. These analyses indicated that 
wrinkling failure is more dominant for the plates with b/t ratio more than 1000. Most 
practical profiled sandwich panels have a b/t ratio less than 600. Hence the wrinkling formula 
can not be applied to the plate elements in profiled sandwich panels as it will underestimate 
the strength. Kech (1991) had developed a buckling formula for sandwich panels subjected to 
wrinkling and local buckling effects. But his method is valid only for the case of profile depth 
to thickness ratio of less than 10 and can not be applied to fully profiled sandwich panels as 
the profile depth to thickness ratio is very high compared with the applicable limits of Kech’s 
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formula. All of these indicate the need for a new or improved design rule for fully profiled 
sandwich panels with slender plates.  
 
Since the buckling coefficient K for the plate element without foam support is constant for a 
particular type of boundary conditions (eg. K = 4 for simply supported conditions), a constant 
value of K was used in developing Equation 5. It was found that by simply changing the K 
value, the formulae could be extended to other types of boundary conditions. However, for 
sandwich panels, the buckling coefficient K changes with b/t ratios and properties of foam 
and steel plates. Hence, by extending this formula to sandwich panels by simply considering 
a modified of K value may not be sufficient. To make the basis of formulation valid and 
accurate, it is important to consider variable K while formulating the effective width formula 
for sandwich panels. This will make the design rule more effective and reliable.  
 
For this purpose, finite element analyses of sandwich panels are being undertaken. However, 
based on experimental findings on foam supported steel plates, it can be concluded that 
currently used effective width approach is unconservative to sandwich panels with slender 
plates in its present form and new improved design formulae have to be developed to 
estimate accurate effective widths that can be used for design purposes. As an interim design 
solution, R in Equation 9 was reduced by an empirical reduction factor of 0.1 to determine the 
buckling coefficient K. The modified equation for K can be written as:   
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The new K values from Equation 13 were used in Equation 5 to determine the effective 
widths of the foam supported steel plates. The predicted effective widths were compared with 
experimental results and CIB (2000) recommendations (Equation 12) as shown in Figures 11 
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and 12 for G550 steel plates and G250 steel plates, respectively. From these figures it can be 
observed that effective widths based on Equation 13 are in better agreement with the 
experimental results for a wider range of b/t ratios from 0 to 500. This shows that effective 
width based on 0.1R provides a safe solution for all practical plate slenderness values. Hence 
Equation 13 combined with the current effective width formulae (Equation 5) is 
recommended for the safe design of profiled sandwich panels subject to local buckling 
effects. 
 
4. CONCLUSIONS 
 
In this paper, the local buckling behaviour of profiled sandwich panels was investigated using 
an extensive series of laboratory experiments on foam supported steel plate elements. 
Experimental results were compared with predictions from current effective width design 
formulae. The results indicated that these design formulae are adequate for sandwich panels 
with plate elements that have low b/t ratios, but not for panels with slender plate elements. 
Improved buckling and ultimate strength formulae have to be developed for these panels 
based on experimental and finite element analyses. This paper has recommended an interim 
design formula based on an empirical reduction factor for the safe design of profiled 
sandwich panels subject to local buckling effects.  
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Figure 1: Sandwich Panels 
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Figure 2: Local Buckling of Sandwich Panels  
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Figure 3: Critical b/t Ratios of Profiled Sandwich 
Panels subject to Local Buckling 
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Figure 4: Steel Plate in Compression with Foam Core Support 
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Figure 5: Schematic Diagram of Test Rig 
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Figure 6: Test Set-up 
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Figure 7: Typical Failure Modes  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Local Buckle (b) Local Plastic Mechanism 
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Figure 8: Effective Widths of G550 Steel Plate Elements Supported by Foam Core  
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Figure 9: Effective Widths of G250 Steel Plate Elements Supported by Foam Core  
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Figure 10: Comparison of Davies and Hakmi’s Test Results (1990) with Design Equation  
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Figure 11: Validation of Modified Design Rule with Experimental Results for G550 Steel 
Plates Supported by Foam Core  
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Figure 12: Validation of Modified Design Rule with Experimental Results for G250 Steel 
Plates Supported by Foam Core  
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Table 1: Test Program and Specimens  
 
G550 Steel Plates G250 Steel Plates 
Thickness 
(mm) Measured 
Thickness 
(mm) Measured Test  
Plate 
Width 
 b 
(mm) Spec. bmt fy (MPa) 
Ef 
(GPa) 
b/t 
Ratio Spec. bmt fy (MPa) 
Ef 
(GPa) 
b/t 
Ratio 
1 50 0.95 0.95 637 226 52.6 1.00 0.93 326 216 53.8 
2 50 0.80 0.80 656 230 62.5 0.80 0.73 345 217 68.5 
3 50 0.60 0.60 682 235 83.3 0.60 0.54 360 218 92.6 
4 50 0.42 0.42 726 239 119.0 0.40 0.39 368 220 128.2 
5 80 0.95 0.95 637 226 84.2 1.00 0.93 326 216 86.0 
6 80 0.80 0.80 656 230 100.0 0.80 0.73 345 217 109.6 
7 80 0.60 0.60 682 235 133.3 0.60 0.54 360 218 148.1 
8 80 0.42 0.42 726 239 190.5 0.40 0.39 368 220 205.1 
9 100 0.95 0.95 637 226 105.3 1.00 0.93 326 216 107.5 
10 100 0.80 0.80 656 230 125.0 0.80 0.73 345 217 137.0 
11 100 0.60 0.60 682 235 166.7 0.60 0.54 360 218 185.2 
12 100 0.42 0.42 726 239 238.1 0.40 0.39 368 220 256.4 
13 120 0.95 0.95 637 226 126.3 1.00 0.93 326 216 129.0 
14 120 0.80 0.80 656 230 150.0 0.80 0.73 345 217 164.4 
15 120 0.60 0.60 682 235 200.0 0.60 0.54 360 218 222.2 
16 150 0.95 0.95 637 226 157.9 1.00 0.93 326 216 161.3 
17 150 0.80 0.80 656 230 187.5 0.80 0.73 345 217 205.5 
18 150 0.60 0.60 682 235 250.0 0.60 0.54 360 218 277.8 
19 150 0.42 0.42 726 239 357.1 0.40 0.39 368 220 384.6 
20 180 0.60 0.60 682 235 300.0 0.60 0.54 360 218 333.3 
21 180 0.42 0.42 726 239 428.6 0.40 0.39 368 220 461.5 
22 200 0.95 0.95 637 226 210.5 1.00 0.93 326 216 215.1 
23 200 0.80 0.80 656 230 250.0 0.80 0.73 345 217 274.0 
24 200 0.60 0.60 682 235 333.3 0.60 0.54 360 218 370.4 
25 200 0.42 0.42 726 239 476.2 0.40 0.39 368 220 512.8 
Note: fy – measured yield stress of steel face, Ef  – measured Young’s modulus of steel face 
          b/t ratio – plate width b/bmt, Spec. – specified thickness 
          bmt – estimated base metal thickness based on measured total coated thickness 
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Table 2: Comparative Study of Buckling Coefficients for G550 Steel Plates 
 
Measured Buckling Coefficient K 
Test  b/t Ratio fy 
 
(MPa) 
Ef  
(GPa) 
R Theoretical Equation 9 
Equation 
11 
Equation 
12 
1 52.6 637 226 0.59 4.76 4.79 4.29 4.49 
2 62.5 656 230 0.97 5.18 5.24 4.53 4.77 
3 83.3 682 235 2.25 6.44 6.54 5.43 5.64 
4 119.0 726 239 6.44 9.63 9.71 8.28 7.87 
5 84.2 637 226 2.41 6.59 6.69 5.55 5.74 
6 100.0 656 230 3.97 7.86 7.98 6.64 6.64 
7 133.3 682 235 9.20 11.36 11.37 9.97 9.06 
8 190.5 726 239 26.38 19.77 19.12 18.45 14.65 
9 105.3 637 226 4.71 8.42 8.53 7.15 7.03 
10 125.0 656 230 7.75 10.47 10.52 9.10 8.45 
11 166.7 682 235 17.97 16.00 15.68 14.62 12.18 
12 238.1 726 239 51.52 29.18 27.75 28.02 20.73 
13 126.3 637 226 8.13 10.71 10.75 9.33 8.62 
14 150.0 656 230 13.39 13.70 13.56 12.30 10.64 
15 200.0 682 235 31.05 21.69 20.87 20.40 15.90 
16 157.9 637 226 15.89 14.98 14.74 13.59 11.50 
17 187.5 656 230 26.14 19.67 19.03 18.35 14.58 
18 250.0 682 235 60.65 32.18 30.56 31.07 22.67 
19 357.1 726 239 173.86 61.87 61.08 60.91 42.87 
20 300.0 682 235 104.80 45.01 43.09 44.03 31.13 
21 428.6 726 239 300.44 87.78 92.33 86.58 62.64 
22 210.5 637 226 37.66 24.25 23.20 23.01 17.55 
23 250.0 656 230 61.97 32.60 30.96 31.50 22.95 
24 333.3 682 235 143.76 54.87 53.38 53.91 37.89 
25 476.2 726 239 412.12 107.66 119.25 106.12 79.36 
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Table 3: Comparative Study of Buckling Coefficients for G250 Steel Plates 
 
Measured Buckling Coefficient K 
Test  b/t Ratio fy  (MPa) 
Ef 
 (GPa) 
R Theoretical Equation 9 
Equation 
11 
Equation 
12 
1 53.8 326 216 0.66 4.83 4.88 4.33 4.54 
2 68.5 345 217 1.35 5.59 5.66 4.80 5.05 
3 92.6 360 218 3.32 7.36 7.47 6.20 6.28 
4 128.2 368 220 8.74 11.08 11.10 9.69 8.87 
5 86.0 326 216 2.69 6.83 6.94 5.75 5.91 
6 109.6 345 217 5.53 9.01 9.11 7.70 7.44 
7 148.1 360 218 13.61 13.81 13.66 12.41 10.72 
8 205.1 368 220 35.79 23.54 22.56 22.29 17.09 
9 107.5 326 216 5.25 8.81 8.91 7.51 7.30 
10 137.0 345 217 10.81 12.29 12.24 10.89 9.69 
11 185.2 360 218 26.57 19.85 19.19 18.53 14.70 
12 256.4 368 220 69.90 35.08 33.31 34.00 24.56 
13 129.0 326 216 9.07 11.28 11.30 9.89 9.01 
14 164.4 345 217 18.67 16.33 15.98 14.96 12.40 
15 222.2 360 218 45.92 27.25 25.96 26.06 19.48 
16 161.3 326 216 17.72 15.88 15.57 14.50 12.10 
17 205.5 345 217 36.47 23.80 22.79 22.55 17.26 
18 277.8 360 218 89.68 40.87 38.94 39.86 28.37 
19 384.6 368 220 235.91 75.16 76.55 74.11 52.73 
20 333.3 360 218 154.97 57.53 56.26 56.57 39.76 
21 461.5 368 220 407.65 106.90 118.18 105.38 78.70 
22 215.1 326 216 42.00 25.85 24.67 24.64 18.58 
23 274.0 345 217 86.45 39.95 38.04 38.93 27.76 
24 370.4 360 218 212.59 70.32 70.78 69.31 49.07 
25 512.8 368 220 559.18 131.27 154.31 129.18 100.92 
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Table 4: Comparative Study of Effective Widths for G550 Steel Plates 
 
Effective Widths beff/b Test 
series b/t Ratio 
Ultimate Stress 
(MPa) Experiment Theoretical Equations 5 and 9 
Equations 
5 and 11 
Equations 
5 and 12 
1 52.6 434.3 0.68 0.62 0.62 0.60 0.61 
2 62.5 428.3 0.65 0.56 0.56 0.53 0.54 
3 83.3 305.0 0.45 0.47 0.48 0.44 0.45 
4 119.0 264.3 0.36 0.41 0.41 0.38 0.37 
5 84.2 279.2 0.44 0.48 0.48 0.45 0.45 
6 100.0 275.0 0.42 0.44 0.45 0.41 0.41 
7 133.3 223.3 0.33 0.40 0.40 0.38 0.36 
8 190.5 186.0 0.26 0.37 0.36 0.36 0.32 
9 105.3 232.6 0.37 0.44 0.44 0.41 0.41 
10 125.0 203.4 0.31 0.41 0.41 0.39 0.38 
11 166.7 181.8 0.27 0.38 0.38 0.37 0.34 
12 238.1 184.0 0.25 0.36 0.35 0.35 0.31 
13 126.3 205.2 0.32 0.42 0.42 0.39 0.38 
14 150.0 203.5 0.31 0.40 0.39 0.38 0.35 
15 200.0 169.9 0.25 0.37 0.37 0.36 0.32 
16 157.9 158.1 0.25 0.40 0.39 0.38 0.35 
17 187.5 172.8 0.26 0.38 0.38 0.37 0.33 
18 250.0 133.9 0.20 0.37 0.36 0.36 0.31 
19 357.1 119.2 0.16 0.35 0.35 0.35 0.29 
20 300.0 122.6 0.18 0.36 0.35 0.36 0.30 
21 428.6 118.4 0.16 0.35 0.35 0.34 0.30 
22 210.5 136.5 0.21 0.38 0.37 0.37 0.33 
23 250.0 117.1 0.18 0.37 0.36 0.36 0.32 
24 333.3 118.0 0.17 0.36 0.35 0.36 0.30 
25 476.2 100.1 0.14 0.34 0.36 0.34 0.30 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 35 
 
 
 
 
Table 5: Comparative Study of Effective Widths for G250 Steel Plates 
 
Effective Widths beff/b Test 
series b/t Ratio 
Ultimate Stress 
(MPa) Experiment Theoretical Equations 5 and 9 
Equations 
5 and 11 
Equations 
5 and 12 
1 53.8 285.4 0.88 0.78 0.78 0.75 0.76 
2 68.5 251.5 0.73 0.67 0.68 0.63 0.65 
3 92.6 201.5 0.56 0.58 0.59 0.54 0.55 
4 128.2 186.2 0.51 0.52 0.52 0.49 0.48 
5 86.0 201.6 0.62 0.62 0.63 0.58 0.59 
6 109.6 185.4 0.54 0.56 0.56 0.52 0.52 
7 148.1 159.0 0.44 0.51 0.51 0.49 0.46 
8 205.1 149.0 0.40 0.48 0.47 0.47 0.42 
9 107.5 178.1 0.55 0.58 0.58 0.54 0.53 
10 137.0 162.1 0.47 0.53 0.53 0.50 0.48 
11 185.2 148.1 0.41 0.49 0.49 0.48 0.43 
12 256.4 111.3 0.30 0.47 0.46 0.47 0.40 
13 129.0 150.2 0.46 0.55 0.55 0.52 0.50 
14 164.4 126.4 0.37 0.51 0.51 0.49 0.45 
15 222.2 113.3 0.31 0.48 0.47 0.47 0.42 
16 161.3 125.5 0.39 0.52 0.52 0.50 0.47 
17 205.5 101.9 0.30 0.50 0.49 0.48 0.43 
18 277.8 91.2 0.25 0.47 0.46 0.47 0.40 
19 384.6 80.3 0.22 0.46 0.47 0.46 0.40 
20 333.3 86.0 0.24 0.47 0.47 0.47 0.40 
21 461.5 78.3 0.21 0.46 0.48 0.46 0.40 
22 215.1 91.6 0.28 0.50 0.49 0.49 0.44 
23 274.0 78.0 0.23 0.48 0.47 0.48 0.41 
24 370.4 71.9 0.20 0.47 0.47 0.46 0.40 
25 512.8 75.6 0.21 0.46 0.49 0.46 0.41 
 
 
